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The interaction of iodine in vapour and dissolved states (using water, benzene and carbon tetra-
chloride as the solvents) with soybean, peanut and ~luten proteins and their major fractions involves
physical adsorption as well as chemical combination. \Vhile physical adsorption appears to be
a surface phenomenon, chemical combination takes place, probably, through interaction with
tyrosine and other residual amino acid structures. The uptake of iodin e under both the conditions
increases with the rise in temperature. The degree of iodination of a protein, i.e. the amount of
iodine chemically combined with a protein, at a gtven temperature, varies with the nature of the
protein as well as the method of its isolation. The value is maximum when aq, iodine solution
(0'4M) contalning [1-]/[12]ratio of 3: 1 is used and minimum when iodine dissolved in benzene or
carbon tetrachloride is used. The maximum uptake of iodine is realized only after 20-day ex-
posure of a protein to iodine vapours in contrast to 100or 40min required for maximum uptake
of iodine from aqueous phase or from benzene or carbon tetrachloride. The interaction with
iodine vapours, therefore, permits better control for keeplng the degree of iodination within
desired limits.
PROTEn~-IODINE interactions have beenstudied by a number of workers with a viewto obtaining thyroactive iodinated proteins
suitable for human c msumption, Most of the work,
however, relates to animal proteins such as serum
albumin], zein-, insnlinv", casein", fibroin", pepsin",
etc. It has been noted that the extent of reaction
varies with the nature of the protein as well as the
conditions of the experiment such as temperature,
time of c mtact , vapour pressure (if iodine is used
in vapour state) or concentration (if iodine is
used in dissolved state). Similar work on plant
proteins, however, has not yet received a~equate
attention. It was, therefore, thought of interest
to make a systematic study of the reactions of a
few vegetable proteins with iodine in vapour a, well
as dissolved state.
Materials and Methods
Two varieties of soybean proteins (Bragg and
Punjab varieties) and their respective glycinin
fractions, peanut protein and its arachin and con-
arachin fractions, wheat gluten (BDH grade) and its
gliadin and glutenin fractions were used. Methods
of isolation of soybean and peanut proteins and their
fractions from the respective seeds as well as the
fractionation of gluten into gliadin and glutenin
fractions have been described earlier".
Interaction of protein with iodine vapours -- The
protein (0·5 g), taken in a small china crucible,
was placed in a small vacuum desiccator containing
....••5 g of iodine at the base. The system was
allowed to attain equilibrium by keeping the
desiccator in an incubator maintained at a desired
temperature (30°, 35°, 40° or 45° ± 0'05°). The
increase in weight gave the amount of iodine
taken up by the protein. The protein was trans-
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ferred to a cmical flask containing an excess of
standard " :12S203 solution and the contents were
allowed t» stand at the same temperature in the
incubator for + hr with occasional shakinz. The. l' bsuspension as sue 1 was titrated against standard
iodine sol.rtion. The fall in concentration of N~S 0
gave the amount of physically or reversibly adsorbed
iod5ne: This when subtracted from the total uptake
of iodine gav: the arnnmt of iodine held chemically
by the protem. The value was checked by micro-
analysis of the product in a few cases.
Interaction.of protein with iodine in solution phase
-- The protem (0·5 g) was placed in contact with
5~ ;~l _of io.dine solution in water (0,4211, keeping
[I J: LI2_ r::tlO of 3: 1)., benzene (0'4211) or carbon
tctrachlond.e (0'2~11) 111 60 ml pyrex glass bottles,
wrapped With thick black papers and allowed to
stand, with occasional shaking, in an incubator
maintained at .30°. An aliquot of the clear super-
nat~nt was wit hdrawn after the equilibrium was
achleyed (the tlJn~ for \~hj.ch was determined by
carrying .out. cc!-tam preliminary experiments) and
the fall m wdme. c~ncentration (which gave the
tot~l uptake of iodine] ~vas noted by titrating
against standard sodium thiosulphate solution in the
usual. way. Fifty ml of standard 0'8M ~~S203
solution were then added and the suspension allowed
~o stand in t~e incubator (30°) for 4 hr. The fall
III concentratIon of Na2S203, determined as above
gave .the am.'mnt of iodine held reversibly by th~
protem. ~hlS. when subtracted from the total
upta~e of iodine gave the amount of iodine held
chemically by the protein.
. The ccmcentrations of the iodine solutions men-
tlOn.ed .above were suc~ as to yield maximum uptake
of iodine as determmed by preliminary experi-
ments.
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Results and Discussion
Interaction of protein with iodine vapours - The
total uptake of i odine by each protein after different
periods of exp isure to iodine vapour at different tem-
peratures pr .oceeds fairly rapidly during the first
five days 'If the exp isure, slows clown thereafter
and tends to approach a constant value after 15-20
days, depending up.in the nature of the protein
(Fig. 1). Further, it is seen that the uptake of
iodine increases with the rise in temperature,
probably due to the increase in vapour pressure of
iodine, which increases from 0·471 at 30° to 1·60
mm of Hg at 45°.
The data obtained up to the first 15 clays and
in some cases even up to 18 days were found to
fit the following empirical equation (1)
w2 = k't+b ... (1)
where w is the weight (if iodine taken up per g
protein, t is the time of exp »sure, k' is the rate
constant of the reaction and b is another constant.
The validity of Eq. (1) was shown by the linear plot
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:Fig. 1 - Total uptake of iodine by various proteins after
exposure to iodine vapours at different temperatures
of w2 against t (Fig. 2). The values of k' at
different temperatures for the various proteins
obtained from the slopes of the above linear plots
are given in Table 1. The data show a marked
effect of temperature on the rate of the process.
The values for the maximum uptake of iodine
by various proteins after 20-day exposure at
TABLE1 - RATECO~STA~TS(k') FORTHEREACTIONBETWEEN
IODINE (VAPOUR) AND VARIOUS VEGETABLE PROTEINS AT
DIFFERE~T TE~IPERATURES
Protein Rate constant (k') X103 (sec-I) at
P1J~JAB SOYBEAXxo.
Whole 0·889 1·666 2·220 2-900
Glycinin fro 0'111 0·291 0'524 0·916
BRAGG SOYBEAN
Whole 1-000 2'333 2'660 4·500
Glycinin fro 0·155 0·361 0'611 1'055
PEANUT
Whole 1·143 2·666 3·000 5-600
Arachin fr. 0-433 0·818 1'330 1·780
WHEAT
Whole gluten 1'611 4·200 9·170 12'220
Gliadin fro 0'333 0·574 0·625 0-940
Glutenin fr. 0·700 1·140 2·110 2·420
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Fig. 2 - Plots of Wi versus t at 30°
5 '5 20
937
INDIAN J_ CHEM_, VOL. 14A, DECEMBEE 1976
different temperatures are given in Table 2_ The
amounts of iodine physically adsorbed and chemically
bound with proteins are also given in Table 2_
It is seen that a much larger fraction of the iodine
is held up physically 0, reversibly, as it can be
recovered on treatment with aq_ sodium thiosulphate.
This amount is presumably adsorbed on the surface.
However, no simple relationship between the amount
adsorbed and specific surface area of protein could
be expected since the internal surface within the
microcapillary pores would be inaccessible to such
large molecules as iodine (molecular area = 42 1\2)8_
Moreover, the internal surface cannot be the same
fraction of total surface in all proteins.
The values of iodine chemically combined with
various proteins, i.e. the degree of iodination of
various proteins, at different temperatures are
recorded in Table 2 (column 5)_ It is seen that the
value increases with the rise in temperature. The
temperature coefficient of the reaction, however,
as can be seen from the data, is not the same or
even approximately so in every case. It appears
that the nature of the reactive sites and groups
and hence energy barriers involved are not the
same in every protein,
The iodination of proteins is consideredv-P to
arise, in gene! al, from the attachment of iodine
to the tyrosine groups giving rise to 3,S-diiodo-
tyrosine followed by the oxidative coupling of two
moles of the latter and the elimination of ec-amino-
propionic acid_
The approximate tyrosine contents of these pro-
teins Were obtained bv subtracting sulphydryl
cCl1tent'311-14 from the sum of sulphydryl and tyrosine
contents reported elscwherets. The tyrosine equi-
valents of iodine for the various proteins, on the
basis of the above stoichiometry, could, therefore,
be easily calculated. These values (Table 2) are
seen to be less than the values of iodine chemically
bound even at 30° in most of the cases. Th"e
magnitude of the difference in physically adsorbed
and chemically bound iodine increases with the rise
in temperature. Hughes and Straessle= have rightly
pointed out that in view of the presence of some
other similar structures in proteins and possibility
of the occurrence of a number of similar simultaneous
reactions. as for example, substitution of histidyl
residues'' and oxidation of the cystine and tryptophan
residuesw, it is not possible to state e!Xactly the
amount of iodine which can be introduced in
proteins in various forms of combination,
Comparing the degrees of iodination of various
proteins (Table 2) at a given temperature, it is seen
that the value is higher for peanut protein than
that for any of the two soybean proteins and
amongst the latter, the value for Bragg variety is
higher than that for Punjab variety.
The degrees of iodination for glycinin fractions of
both the soybean proteins as well as that for
arachin fraction of peanut protein are appreciably
lower_ than those for the corresponding whole
proteins, The reason for this, probably lies in the
fact that polypeptide chains are coiled up to a
larger extent in the fractions than in the whole
proteins on account of differences in their modes of
isolation discussed elsewhere", Some of the reactive
TABLE 2 - - VALUES OF MAXIMUM UPTAKE OF IODINE FROM
VAPOUR PHASE BY VARIOUS VEGETABLE PROTEINS AT
DIIIFERENT TEMPERATURES AND THE TYROSINE EQUIVALENTS
OF IODINE
'Lenlp.
(0C)
30
35
40
45
30
35
40
45
30
35
40
45
30
35
40
45
30
35
40
45
30
35
40
45
30
35
40
45
Iodine uptake (gjg protein) Tyrosine
equiv, of
iodine
(gjg
protein)
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Total Physical Chemical
WHOLE PUNJAB SOYBEA~ No. 1 PROTEI~
0-583
0-701
0-821
0-910
0-493
0-603
0-650
0-718
0-0660-090
0-108
0-171
0-192
GLYCININ FR_ OF PUNJAB SOYBEAN No. 1 PROTEIN
0-199
0-330
0-472
0-558
0-128
0-250
0-378
0-437
0-071
0-080
0-099
0-121
0-064
\\'HOLE BRAGG SOYBEAN PROTEIN
0-608
0-778
0-870
0-962
0-505
0-614
0-690
0-737
0-0690-103 .
0-164
0-180
0-225
GLYCININ FR. OF BRAGG SOYBEAN PROTEIN
0-245
0-369
0-500
0-586
0-166
0-273
0-387
0-419
0-~660-079
0-096
0-113
0-167
\VHOLE PEANUT PROTEIN
0-657
0-892
1-013
1-310
0·498
0-720
0-821
1-068
0-159
0-172
0-192
0-242
ARACHIN FR_ OF PEANUT PROTEIN
0-413 0-320 0-093 0-088
0-470 0-360 0-110
0-667 0-531 0-136
0-810 0-644 0-166
'WHOLE WHEAT GLUTEN
0-771
1-200
1-468
1-600
0-638
1-002
1-173
1-234
0-133
0-198
0-295
0-366
0-051
30
35
40
45
GLIADIN FR_ OF WHEAT GLUTEN
0-369 0-319 0-050 0-061
0-413 0-353 0-060
0-532 0-454 0-098
0-639 0-515 0-124
GLUTENIN FR_ OF WHEAT GLUTEN
0-498 0-381 0-117 0-048
0-671 0-515 0-156
0-830 0-643 0-187
0-957 0-665 0-292
30
35
40
45
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sites in the fractions, therefore, are not readily
available to iodine vapour for the reaction.
Wheat gluten is seen to be more reactive than
either soybean or peanut whole protein, particularly
at temperatures >30°. It may be noted that
Wheat gluten has high contents of proline= which is
knowll16 to disrupt the ex-h-Olicalstructure of the
polypeptide chains exposing thereby more reactive
sites on the surface. This effect probably increases
with the rise in temperature. It is also observed
that the unfractionat cd gluten, which contains
nearly equal amounts of gliadin and glutenin, is
more reactive than either Of the two fractions.
It, therefore, appears that the presence of both the
fractions in Wheat gluten introduces certain structural
alterations exposing more reactive sites for inter-
action with iodine.
It is seen that the maximum amount of iodine
that can ba incorporated on exposure of proteins
to iodine vapours at 45° for 20 dIY; varies between
0·121 g (in the case of glyciuin fraction of Punjab
soybean No. 1 protein) and 0·366 g (in the case
of gluten) per gramme of the protein. However,
it is worth noting that the extent of iodination
in each case can be controlled to any desired extent
by adjusting the temperature and the period of
exposure of proteins to iodine vapours.
Interaction of protein with iy/,t:'H in aqueous phase
- The effect of concentration of aq. iodine and
time of contact on the uptake of iodine by one
of the proteins is shown in Fig. 3. It is seen
that the use of 0·4M iodine and 100 m in of
~r-f:r- TOTAL UPTAKE. OF lODtNE
-o-<>-<r IODINE PHYSICAl.LY ADSORBED
.••....•.....• IODINE CHEMICALLY' COMBINED
1·0 (0)
o-e
0-6
wz
15
Q
() os
w~
">-a.
:>
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<b)
60 eo 100 Ii!<>036
TIME (MINUTES.)
Fig. 3 - Effect of (a) concentration and (b) time of contact
-of aq. iodine on uptake of iodine by whole Bragg soybean
protein at 30°
contact with the protein gives the maximum value
for the uptake of iodine. The reaction, evidently,
in this case is much more rapid than that with
iodine vapours. For example, the value obtained in
30 min is very close to that obtained after 20
days in the case of interaction with iodine vapours
at the same temperature. This may be due to
occasional shaking of the system when iodine is
used in solution phase. The shaking brings fresh
surfaces in contact with iodine and thus facilitates
the process.
The maximum values for physically adsorbed and
chemically combined iodine by various proteins in
100 min are given in Table 3. The values of
physical adsorption of iodine for various proteins
are seeil to be closer to O:1e another as are their
respective surface areas calculated from water
isotherms reported earlier-", This indicates that
steric factors referred to above in the case of
adsorption from vapour phase are not operative
now. The values for degree of iodination, however,
vary as before with the nature of the protein.
But these are appreciably higher than those observed
When iodine is used in the vapour phase (Table 2).
It has been suggested18•19 that 1- ion generally
causes denaturation of proteins. It is not unlikely
that the presence of 1- ions in the iodine solutions,
used in the present experiments, causes partial
unfolding of the compact protein structure, exposing
more reactive sites, and thus enhancing the degree
of iodination. This view is supported by the fact
that the value for glycinin fraction of each soybean
protein and that for arachin fraction of peanut
protein are closer to the values for their respective
whole proteins.
Tnteraction of protein with iodine in non-aqueous
phase - This study Was undertaken so as to exclude
the presence of 1- or Is ions completely. The
reaction using benzene or carbon tetrachloride as the
solvent Was, therefore, studied at 30°_ The maximum
TABLE 3 - UPTAKE OF IODINE BY VARIOUS VEGETABLE
PROTEINS AFTER 100 MIN CONTACTWITH 0-4M AQ. IODINE
AT 30°
Protein Iodine uptake (gIg protein)
"Vhole
Glycinin fro
Total Physical Chemical
PUNJAB SOYBEANNo.1
0·840 0·732 0·108
0·831 0-727 0·104
BRAGGSOYBEAN
0·848 0·733 0·115
0-842 0·732 0·110
PEANUT
0·902 0-721 0-181
0-889 0·708 0·181
WHEAT
0·952 0·762 0-190
0·825 0·709 0·116
0·889 0-730 0·159
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Whole
Glycinin fro
Whole
Arachin fro
Whole gluten
Gliadin fro
Glutenin fro
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TABLE 4 - UPTAKE OF IODINE BY VARIOUS VEGETABLE
PROTEINS FROM ITS SOLUTION IN BENZENE (0'4M) AND
CARBON TETRACHLORIDE (0'2M) AFTER 40 MIN CONTACT
AT 30°
Iodine uptake (gig protein)
from benzene solution
Iodine uptake (gig protein)
from CCl. solution
Total Physi- Chemi-
cal cal
Total Physi- Chemi-
cal cal
WHOLE PUNJAB SOYBEANNo.1 PROTEIN
0·254 0·228 0·026 0·140 0·107 0·033
GLYCININFR. OFPUNJAB SOYBEANNo.1 PROTEIN
0·222 0·199 0·023 0·127 0·102 0·025
WHOLE BRAGGSOYBEANPROTEIN
0·317 0·284 0·033 0·165 0·127 0·038
GLYCININ FR. OF BRAGG SOYBEANPROTEIN
0·278 0,249 0·029 0·152 0·125 0·027
WHOLE PEANUTPROTEIN
0·339 0·296 0·043 0·178 0·140 0·033
ARACHIN FR. OF PEANUT PROTEIN
0·317 0·279 0·038 0·165 0·132 0·038
VYHOLEWHEAT GLUTEN
0·319 0·269 0·050 0·128 0·085 0·043
GLIADIN FR. OF WHEAT GLUTEN
0·183 0·157 0·026 0·102 0·077 0·025
GLUTENINFR. OFWHEATGLUTEN
0·190 0·160 0·030 0,108 0·080 0·028
values obtained within 40 mire arc giHL in Table 4.
It is seen that physically adsorbed as well as
chemically bound iodine are rm.ch lower now for
each protein. The lower values of physical ad-
sorption may be due to smaller surtac c tensions
of the non-aqueous solvents, and the lower values of
chemical interaction may be due to the absence
of 1- and 13 ions.
The values obtained in non-aqueous solvents are,
in fact, even lower than these observed when
iodine is used in vapour state. This is probably
940
due to the competitive adsorpt: or. of iodine and
organic :'01vent (benzene or CCI4) 01: the surface
of a protein As Was shown in a previous publica-
tion2o, there is considerable CO\Tr2.ge of surface by
benzene or carbon tetrachloride when a protein is
kept in contact with a solution containing a high
molar fraction of these liquids. Some of the active
sites, therefore, get masked. There is r o such
effect when iodine is used in vapeur state in a
vacuum desiccator. The reaction with iodine vapouis
in any case, is to be preferred as it enables better
contrcl of the desree of iodination of a given
protein, as has beep already mentioned.
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